Walker KA, Cai X, Caruana G, Thomas MC, Bertram JF, Kett MM. High nephron endowment protects against salt-induced hypertension. Am J Physiol Renal Physiol 303: F253-F258, 2012. First published May 9, 2012 doi:10.1152/ajprenal.00028.2012.-While low nephron number is associated with increased risk of developing cardiovascular and renal disease, the functional consequences of a high nephron number are unknown. We tested the hypothesis that a high nephron number provides protection against hypertensive and renal insults. Mean arterial pressure (MAP) and renal function were characterized in male wild-type (WT) and transforming growth factor-␤2 heterozygous (Tgfb2 ϩ/Ϫ ) mice under basal conditions and following a chronic high-salt diet. Kidneys were collected for unbiased stereological analysis. Baseline MAP and renal function were indistinguishable between genotypes. The chronic high-salt diet (5% NaCl for 4 wk followed by 8% NaCl for 4 wk) led to similar step-wise increases in urine volume, Na ϩ excretion, and albuminuria in the genotypes. The 5% NaCl diet induced modest and similar increases in MAP (3.5 Ϯ 1.6 and 3.4 Ϯ 0.8 mmHg in WT and Tgfb2 ϩ/Ϫ , respectively). After the step up to the 8% NaCl diet, MAP increased further in WT (ϩ15.9 Ϯ 5.1 mmHg), but not Tgfb2 ϩ/Ϫ (Ϫ0.1 Ϯ 1.0 mmHg), mice. Nephron number was 30% greater in Tgfb2 ϩ/Ϫ than WT mice and was not affected by the chronic high-salt diet. Mean glomerular volume was lower in Tgfb2 ϩ/Ϫ than WT mice, and the chronic high-salt diet induced significant glomerular hypertrophy. In a separate cohort of mice, an acute, 7-day, 8% NaCl diet induced similar rises in MAP in the genotypes. This is the first study to examine the physiological characteristics of a model of high nephron number, and the findings are consistent with this phenotype providing protection against chronic, but not acute, hypertensive insults. renal stereology; renal function; mean arterial pressure
IT IS WELL ESTABLISHED that the nephron, the functional unit of the kidney, plays an integral role in the regulation of arterial pressure (8) . Yet the number of nephrons in human kidneys has been found to be highly variable, with a 13-fold range recently reported (10) . A low nephron endowment has long been identified as a risk factor for the development of hypertension and chronic kidney disease (12, 18, 27) , particularly in the presence of secondary insults, such as a high-salt diet (6, 17, 22) . However, the converse hypothesis, that a high nephron number decreases the risk of hypertension and renal disease, has not been explored experimentally, despite the findings of a recent human autopsy study in which probability of presenting with hypertension was decreased in Caucasian Americans with a nephron endowment Ͼ876,300 compared with subjects with a lower nephron endowment (21) . There have been no animal studies to directly test whether a high nephron endowment is protective against the development of hypertension and kidney disease; however, Ots et al. (19) found that supplementation of renal mass in rats with 5/6 nephrectomy significantly lowered arterial pressure and slowed the progression of glomerular injury in the remnant kidney. Indeed, these authors suggested that augmentation of nephron endowment may be a means by which the risk for developing disease could be reduced (19) .
Six in vivo models of augmented nephron endowment have been reported using a variety of methodologies (13-16, 24, 25) . In 2008, using gold-standard unbiased stereological techniques, we identified the transforming growth factor (TGF)-␤2 heterozygous (Tgfb2 ϩ/Ϫ ) mouse model (24) . We found that while the homozygous null Tgfb2 Ϫ/Ϫ mice exhibited severe renal dysgenesis and died at birth, Tgfb2 ϩ/Ϫ mice demonstrated accelerated ureteric branching during development, leading to augmented nephron number at 30 days of age (24) . Furthermore, the Tgfb2 ϩ/Ϫ mice were viable and fertile and had normal body weights extending into adulthood (24) . No study has characterized the physiological consequences of high nephron endowment for arterial pressure and renal function or whether such a phenotype provides cardiovascular or renal protection against the impact of secondary insults. Therefore, the aims of this study were 1) to characterize baseline arterial pressure and renal function in adult male Tgfb2 ϩ/Ϫ mice that are born with normal body weights but augmented nephron number (24) , 2) to characterize arterial pressure and renal function in Tgfb2 ϩ/Ϫ mice in response to a chronic, 8-wk, exposure to a high-salt diet, with an incremental step up in salt content, and 3) to determine the acute effects of 1 wk of a very high-salt diet on arterial pressure and renal function. We hypothesized that a high nephron endowment would not influence baseline arterial pressure or renal function but would provide a protective effect in the presence of a secondary insult in the form of a high-salt diet.
METHODS
All procedures were approved by the Monash University Animal Ethics Committee. Sixteen-week-old male wild-type (WT, n ϭ 23) and Tgfb2 ϩ/Ϫ (n ϭ 22) mice (129/Black Swiss background) were obtained from Mouseworks at Monash University (23) . Genotypes were determined at weaning and confirmed at autopsy (24) . Mice had ad libitum access to water and normal-salt diet [0.26% NaCl (wt/wt); AIN 93M, Specialty Feeds] unless otherwise stated. The experimental room was maintained at ϳ25°C with a 12:12-h light-dark cycle.
Baseline arterial pressure and renal function. Baseline conscious renal function was determined in WT (n ϭ 23) and Tgfb2 ϩ/Ϫ (n ϭ 22) mice from 24-h urine samples (22, 26) . Urine samples were stored at Ϫ20°C for subsequent analysis. Mice were then implanted with radiotelemetry probes (model PA-C10, Data Services International, St. Paul, MN) for measurement of conscious arterial pressure. During surgery, a blood sample (ϳ60 l) was collected for measurement of hematocrit and plasma creatinine. After a 10-day recovery period, arterial pressures, heart rate (HR), and activity values were recorded continuously for 7 days.
A subset of mice (n ϭ 6 WT and 6 Tgfb2 ϩ/Ϫ ) were maintained on the controlled 0.26% NaCl diet and designated age-matched control mice for the following salt studies.
Chronic high-salt diet. After baseline cardiovascular and renal function measurements were obtained for mice fed the normal-salt diet [0.26% NaCl (wt/wt)], a subset of mice (n ϭ 7 WT and 7 Tgfb2 ϩ/Ϫ ) were fed a high-salt diet for 8 wk, with an incremental step up in salt content. Mice were initially fed a high-salt diet [5% NaCl (wt/wt); modified AIN 93M, Specialty Feeds] for weeks [1] [2] [3] [4] , and arterial pressure and renal function were measured in weeks 2 and 3, respectively. A retroorbital blood sample was taken at the completion of renal function measurements to determine hematocrit and plasma creatinine. At the beginning of week 5, the salt content of the chow was increased to a very high concentration [8% NaCl (wt/wt); modified AIN 93M, Specialty Feeds]. Arterial pressures and renal function were recorded during weeks 7 and 8, respectively.
Acute high-salt diet. To determine the acute response to the very high-salt content of the 8% NaCl diet, arterial pressure was measured for 5 days in a separate cohort of mice (n ϭ 6 WT and 6 Tgfb2 ϩ/Ϫ ) fed the normal-salt diet [0.26% NaCl (wt/wt)] before they were fed the 8% NaCl diet for 7 days. Arterial pressure and HR were recorded continuously throughout the 8% NaCl diet, and averages for the last 5 days are presented. At the completion of arterial pressure recording, renal function was measured as described above.
Renal stereology and histology. At the experimental end point, control mice and mice from the two salt studies were anesthetized with isoflurane, a terminal blood sample was collected, and a postmortem examination was conducted to collect tissues for analysis. Kidneys were immersion-fixed in 10% buffered formalin for stereological and histological analysis. Right kidneys of WT and Tgfb2 ϩ/Ϫ mice in the normal-salt and chronic high-salt diet groups were embedded in glycol methacrylate for stereological analysis. Kidney volume, total glomerular number, mean and total glomerular volumes, and mean and total renal corpuscle volumes were estimated using the unbiased physical disector-fractionator combination, as described previously (1, 22, 24) . Left kidneys of four WT and Tgfb2 ϩ/Ϫ mice from each of the normal-salt, chronic high-salt, and acute high-salt groups were embedded in paraffin, sectioned (5 m), and stained with hematoxylin-eosin or picrosirius red (for visualization of collagen deposition).
Urine and plasma analysis. Urinary electrolyte concentrations (RAPIDChem 744, Siemens Healthcare Diagnostics, Deerfield, IL), osmolality (Advanced Osmometer 2020, Needham Heights, MA), and albumin (Exocell, Philadelphia, PA) were measured, and 24-h excretions were calculated. Urinary and plasma creatinine concentration were determined using HPLC, with creatinine clearance determined as an estimate of glomerular filtration rate (GFR) (7, 22) . All renal values are presented per gram of body weight.
Statistical analysis. One-and two-way ANOVA (repeated-measures where appropriate) and Dunnett's post hoc analysis were conducted where appropriate using Prism 5 (GraphPad Software, 1992 . Values are means Ϯ SE.
RESULTS
Basal arterial pressure and renal function. Twenty-four-hour mean arterial pressure (MAP), systolic and diastolic pressures (SBP and DBP), HR, and activity were similar between genotypes (Table 1) . Arterial pressures, HR, and activity of WT and Tgfb2 ϩ/Ϫ mice were also comparable during the day and night periods (data not shown). WT and Tgfb2 ϩ/Ϫ mice demonstrated similar 24-h food and water intake and urine and fecal excretion ( Table 1) . Na ϩ and osmolar excretion and urine osmolality were similar between the genotypes, as was creatinine clearance and albumin excretion (Table 1) .
Chronic high-salt diet. Arterial pressures increased in WT and Tgfb2 ϩ/Ϫ mice fed the chronic high-salt diet [P (diet) Ͻ 0.001]; however, the magnitude of the rise in arterial pressures over the 8-wk treatment period differed significantly between the genotypes [P (interaction) Ͻ 0.01; Fig. 1 ]. The 5% NaCl diet led to a similar and significant elevation in 24-h MAP in both genotypes (ϩ3.5 Ϯ 1.6 and ϩ3.4 Ϯ 0.8 mmHg in WT and Tgfb2 ϩ/Ϫ , respectively; Fig. 1 ). When the salt content of the diet was stepped up to 8% NaCl, WT mice showed a marked additional rise in MAP (ϩ15.9 Ϯ 5.1 mmHg); however, Tgfb2 ϩ/Ϫ mice did not exhibit further elevations in MAP above those reached on a 5% NaCl diet (Ϫ0.1 Ϯ 1.0 mmHg; Fig. 1 ). (22) Values are means Ϯ SE of number of measurements in parentheses. Data represent 24-h cardiovascular and renal parameters. WT, wild-type; Tgfb2 ϩ/Ϫ , transforming growth factor-␤2 heterozygous; MAP, mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate. Data were analyzed by 1-way ANOVA.
In response to the increase in dietary salt concentration, SBP and DBP followed a pattern similar to that described for MAP; however, HR and activity did not change (data not shown).
Water intake and urine, Na ϩ , osmolyte, and albumin excretion significantly increased in WT and Tgfb2 ϩ/Ϫ mice with increasing levels of salt in the diet [P (diet) Ͻ 0.001; Fig. 1 ]. Urinary osmolality decreased with chronic high-salt diets but appeared to plateau, with no further decrease between the 5% and 8% NaCl diets (Fig. 1) . The chronic high-salt diet increased creatinine clearance in WT and Tgfb2 ϩ/Ϫ mice [P (diet) Ͻ 0.001]; however, creatinine clearance did not increase further with the step up from the 5% to the 8% NaCl diet (Fig.  1) . None of these renal responses to the chronic high-salt diet differed between WT and Tgfb2 ϩ/Ϫ mice [P (interaction) ϭ not significant (NS)].
MAP and Na ϩ excretion data were used to construct chronic pressure-natriuresis relationships in the mice (Fig. 2) . The pressure-natriuresis relationship of Tgfb2 ϩ/Ϫ mice is steep, consistent with a salt-resistant phenotype (Fig. 2) . In contrast, the pressure-natriuresis relationship in WT mice is shifted at the highest Na ϩ level (Fig. 2) . Acute high-salt diet. To determine whether the marked elevation in arterial pressure in WT mice was a response to the 8% NaCl diet per se or cumulative effects of 8 wk of the chronic 5% and then 8% NaCl diet, the acute effects of the 8% NaCl diet were assessed in a separate cohort of mice. MAP was significantly elevated in mice fed the 8% NaCl diet acutely; however, the rise in MAP was similar in WT and Tgfb2 ϩ/Ϫ mice [ϩ3.6 Ϯ 0.7 and ϩ4.8 Ϯ 1.1 mmHg for WT and Tgfb2 ϩ/Ϫ , respectively, P (diet) Ͻ 0.001, P (interaction) ϭ NS; Table 2 ]. SBP, DBP, HR, and activity also increased with the acute 8% NaCl diet; however, the rise in these parameters was similar in WT and Tgfb2 ϩ/Ϫ mice (data not shown). In response to the acute 8% NaCl diet, WT and Tgfb2 ϩ/Ϫ mice exhibited significantly increased water intake and urine, Na ϩ , osmolyte, and albumin excretion [P (diet) Ͻ 0.001; Table  2 ], with the responses comparable between the genotypes [P (interaction) ϭ NS; Table 2 ]. In contrast to the chronic highsalt study, creatinine clearance of WT and Tgfb2 ϩ/Ϫ mice was unaffected by the acute 8% NaCl diet (Table 2) .
Renal weights and stereology. Terminal body weights were comparable in WT and Tgfb2 ϩ/Ϫ mice in the normal-salt and chronic high-salt diet groups (Table 3 ). Right and total kidney weights were significantly greater in WT than Tgfb2 ϩ/Ϫ mice [P (genotype) Ͻ 0.05]; however, total kidney weight-to-body weight ratios were similar between genotypes (Table 3) . Left, right, and total kidney weights and kidney weight-to-body weight ratios were significantly greater in WT and Tgfb2 ϩ/Ϫ mice fed the high-salt diet chronically than in control mice fed the normal-salt diet [P (diet) Ͻ 0.05-0.01; Table 3 ].
Nephron endowment. Nephron number was ϳ30% greater in Tgfb2 ϩ/Ϫ than age-matched WT mice [P (genotype) Ͻ 0.001; Table 3 ] and was not affected by chronic high-salt intake. Mean glomerular volume was greater in WT than Tgfb2 ϩ/Ϫ mice [P (genotype) Ͻ 0.001; Table 3 ]. Chronic high-salt intake led to significant glomerular hypertrophy in WT and Tgfb2 ϩ/Ϫ mice, with mean glomerular volumes 27% and 19% greater than in their normal-salt controls, respectively [P (diet) Ͻ 0.01; Table 3 ]. Furthermore, mean glomerular volumes remained markedly greater in WT than Tgfb2 ϩ/Ϫ mice fed the chronic high-salt diet (6.30 Ϯ 0.64 vs. 4.77 Ϯ 0.44 ϫ 10 Ϫ4 mm 3 ). The total volume of glomeruli (product of volume and number) in the kidneys of WT and Tgfb2 ϩ/Ϫ mice was similar. . Twenty-four-hour mean arterial pressure, water intake, and renal function (urinary Na ϩ excretion, osmolality, osmolar excretion, albumin excretion, and creatinine clearance) in wild-type (WT) and transforming growth factor-␤2 heterozygous (Tgfb2 ϩ/Ϫ ) mice under basal conditions and on chronic 5% and 8% NaCl diets. Values are means Ϯ SE [n ϭ 7 WT (6 for creatinine clearance) and 7 Tgfb2 ϩ/Ϫ ]. Data were analyzed by 2-way repeated-measures ANOVA, with factors of gentoype (pG=type), diet (pDiet), and interaction between these factors (pInt).
WT and Tgfb2
ϩ/Ϫ mice fed the chronic high-salt diet demonstrated greater total kidney glomerular volumes, consistent line with glomerular hypertrophy [P (diet) Ͻ 0.01]. The total kidney glomerular volume was 30% greater in WT mice fed the chronic high-salt diet than in WT controls fed the normalsalt diet. In contrast, total kidney glomerular volume was greater, by a more modest 12%, in Tgfb2 ϩ/Ϫ mice fed the high-salt diet than in Tgfb2 ϩ/Ϫ mice fed the normal-salt diet (Table 3) . Mean renal corpuscle and total kidney renal corpuscle volumes followed patterns similar to mean and total glomerular volumes (Table 3) .
Renal histology. Renal histology was similar in WT and Tgfb2 ϩ/Ϫ mice fed the normal-salt diet throughout life. Neither the chronic nor the acute high-salt diet affected renal histology in WT or Tgfb2 ϩ/Ϫ mice. Furthermore, there was no evidence of glomerulosclerosis, vascular changes, or interstitial inflammation in control WT and Tgfb2 ϩ/Ϫ mice or WT and Tgfb2 ϩ/Ϫ mice fed the high-salt diet chronically or acutely.
DISCUSSION
The aims of this study were to characterize arterial pressure and renal function in the Tgfb2 ϩ/Ϫ mouse model of augmented nephron endowment under control conditions and in the presence of a secondary insult in the form of a high-salt diet. The major findings are as follows: 1) baseline arterial pressure and renal function were similar in Tgfb2 ϩ/Ϫ and WT mice; 2) the arterial pressure response to 8 wk of chronic high-salt intake was blunted in Tgfb2 ϩ/Ϫ compared with WT mice; and 3) exposure to an acute very high-salt diet induced comparable responses in Tgfb2 ϩ/Ϫ and WT mice. Taken together, these findings suggest that a high nephron endowment does not influence baseline arterial pressure or the response to an acute period of physiological/pathophysiological insult. However, the findings are consistent with the hypothesis that a high nephron endowment can provide protection against the development of hypertension in response to a chronic insult.
High nephron endowment does not affect baseline arterial pressure or renal function. This is the first study to characterize arterial pressure and renal function in a model of high nephron endowment. Stereological analysis of the kidneys of WT and Tgfb2 ϩ/Ϫ mice used in these physiological studies documented that nephron endowment of Tgfb2 ϩ/Ϫ mice was augmented by 30%. This higher nephron number in Tgfb2 ϩ/Ϫ mice was associated with a smaller mean glomerular volume but normal total renal glomerular volume and kidney volumes than in age-matched WT mice. All arterial pressure and renal parameters measured, including MAP, HR, and activity, as well as urine excretion, creatinine clearance, urinary osmolality, and Values are means Ϯ SE for organ weights [n ϭ 6 (normal-salt diet) and 7 (high-salt diet)] and means Ϯ SD for renal stereology (n ϭ 4). Vglom, mean glomerular volume; Vglom,total, total kidney glomerular volume; Vcorp, mean renal corpuscle volume; Vcorp,total, total kidney renal corpuscle volume. Data were analyzed using 2-way ANOVA. urinary albumin and electrolyte excretion, were similar in the two genotypes under baseline conditions. While this is the first study to measure arterial pressure in Tgfb2 ϩ/Ϫ mice, our detailed renal findings are consistent with the limited data from previous studies showing no difference in urinary output, osmolality, and albumin excretion in WT and Tgfb2 ϩ/Ϫ mice (20, 24) . The comparable arterial pressure and renal function data in adult male WT and Tgfb2 ϩ/Ϫ mice under basal conditions suggest that an augmented nephron endowment does not impact the baseline function of either system.
There is considerable conjecture as to the role of nephron endowment in the regulation of baseline arterial pressure (12). Brenner et al. (2) hypothesized that a low nephron endowment contributes to the development of essential hypertension, suggesting a strong inverse relationship between nephron endowment and arterial pressure. The seminal study by Keller et al. (11) that demonstrated significantly lower nephron endowment in hypertensive subjects than in matched normotensive subjects further substantiated the "Brenner" hypothesis. However, while many experimental models of congenital low nephron endowment have displayed elevations in arterial pressure, this is not a universal finding, particularly when radiotelemetry has been used to limit stress-associated arterial pressure increases (9, 18, 22) . This issue was highlighted by Ruta et al. (22) , who found that neither moderate (25%) nor severe (65%) reductions in nephron endowment impacted baseline MAP in glial cell-derived neurotrophic factor heterozygous mice at 1 yr of age. Data from the present study have further highlighted that, under controlled conditions, nephron endowment may not be an important factor for the regulation of arterial pressure.
Protective role of augmented nephron endowment in arterial pressure regulation. While not impacting baseline arterial pressure, recent studies have suggested that a low nephron number does increase the risk of developing hypertension in animals exposed to secondary adverse stimuli such as a highsalt diet (12) . We hypothesized that if a low nephron endowment is associated with an increased risk for hypertension and its associated pathologies, then a high nephron endowment may act in an opposing, protective, manner. After baseline measurements were obtained for animals fed the control (normal-salt) diet, WT and Tgfb2 ϩ/Ϫ mice were fed the high-salt diet for a total period of 8 wk, with an increase from 5% to 8% NaCl midway through the protocol. We found similar step-up increases in urine, Na ϩ , and albumin excretion with increasing salt content of the diet in WT and Tgfb2 ϩ/Ϫ mice. Additionally, WT and Tgfb2 ϩ/Ϫ mice showed similar increases in creatinine clearance in response to the 5% NaCl diet, and both groups remained stable at this level with the increase to the 8% NaCl diet. However, while MAP was mildly elevated in both genotypes fed the 5% NaCl diet, when the diet was stepped up to the 8% NaCl diet, only WT mice exhibited a further elevation in MAP, while MAP remained stable in the Tgfb2 ϩ/Ϫ mice. This resulted in chronic pressure-natriuresis relationships that were steeper in the Tgfb2 ϩ/Ϫ than WT mice; that is, Tgfb2 ϩ/Ϫ mice were less salt-sensitive than WT mice. Thus, consistent with our hypothesis, Tgfb2 ϩ/Ϫ mice with an augmented nephron endowment appear protected from the impact of a high-salt diet on arterial pressure.
The separation of the genotypes in terms of arterial pressure response and the chronic pressure-natriuresis relationship was only achieved at the 8% NaCl stage of the chronic high-salt diet protocol. To determine whether the exaggerated rise in MAP in WT mice was due to the 8% NaCl diet per se or the cumulative response to 8 wk of high-salt intake (5% NaCl with an increase to 8% NaCl), the acute MAP effects of the 8% NaCl diet were examined in a separate cohort of mice. Interestingly, when fed the 8% NaCl diet for an acute period of 7 days, WT and Tgfb2 ϩ/Ϫ mice exhibited mild elevations in MAP. The MAP response did not differ between the genotypes, and the magnitude of the rise was similar to that in mice fed the 5% NaCl diet in the chronic high-salt diet protocol. Furthermore, the acute very high-salt intake did not lead to an increase in creatinine clearance in either genotype. These data from Tgfb2 ϩ/Ϫ mice suggest that the duration of the secondary stressor is important for unmasking the protective effect of a high nephron endowment.
The mechanisms by which a high nephron number protects against the blood pressure effects of a chronic high-salt diet are unclear but may be related to lower single nephron GFR (SNGFR), glomerular capillary pressures, and thus, ultimately, protection from hyperfiltration-induced injury. [With creatinine clearance similar to WT mice but significantly more nephrons, Tgfb2 ϩ/Ϫ mice would have a lower SNGFR than WT mice, even under baseline conditions.] Creatinine clearance was similar in Tgfb2 ϩ/Ϫ and WT mice, but nephron number was higher in Tgfb2 ϩ/Ϫ than WT mice; therefore, SNGFR would be lower in Tgfb2 ϩ/Ϫ than WT mice, even under baseline conditions. The chronic high-salt diet protocol led to marked hyperfiltration in both strains, as indicated by a ϳ30% increase in creatinine clearance in WT and Tgfb2 ϩ/Ϫ mice. This would translate to higher SNGFR values in both groups of mice, but given the higher nephron number in Tgfb2 ϩ/Ϫ mice, this burden would be shared among a greater number of nephrons in Tgfb2 ϩ/Ϫ than WT mice. Thus, not only would the increase in SNGFR be less in the Tgfb2 ϩ/Ϫ mice, but the absolute values would also be lower. This lower SNGFR in Tgfb2 ϩ/Ϫ mice may also explain the lower total glomerular hypertrophy in these mice than in the WT mice fed the chronic high-salt diet (12% compared with 30%). Despite the greater glomerular hypertrophy of WT mice fed the chronic high-salt diet, we could not detect glomerular injury or fibrosis, and the level of albuminuria was similar to that of Tgfb2 ϩ/Ϫ mice. However, it is now recognized that overt albuminuria occurs only when the filtered load exceeds the reabsorption capacity of the proximal tubule (3). Furthermore, any structural damage to the glomerular capillaries may be beyond the resolution of the light microscope. Detailed structural and functional analyses of the glomerular capillaries and single nephron properties, including in vivo renal micropuncture, are required to more definitively assess the impact of chronic high-salt intake in the two groups of mice and their contribution to the exaggerated rise in arterial pressure in WT mice.
Despite reports of six models of augmented nephron endowment (13-16, 24, 25) , this is the first study to directly test whether a high nephron number is protective against the development of hypertension. However, the potential benefit of increased renal mass and, in turn, nephron number has been explored experimentally. Ots et al. (19) found that supplementation of renal mass by transplantation of an entire kidney into rats with 5/6 nephrectomy significantly lowered SBP and slowed the progression of glomerular injury in the remnant kidney. They concluded that an increase in nephron endow-ment in hypertensive individuals may provide greater control of arterial pressure and potentially slow the development and progression of hypertensive-associated pathologies. Ots et al. further suggested that augmentation of nephron endowment may be a possible means by which the risk for developing disease could be decreased, a concept supported by our findings.
Several members of the TGF␤ superfamily have been shown to be integral to the determination of nephron endowment, with knockout mouse models of individual members showing significant increases (13, 14, 24, 25) or decreases (22) in nephron endowment. In the current study, the Tgfb2 ϩ/Ϫ mouse has provided insight into the potential protective nature of an augmented nephron endowment for arterial pressure. TGF␤ isoforms, of which TGF␤1 is dominant, are also expressed in the adult murine kidney and function to regulate extracellular matrix accumulation and turnover (4) . Neutralization of TGF␤ function with use of an antibody acting on all three isoforms has been found to mildly ameliorate elevations in arterial pressure, decrease proteinuria, and reduce renal fibrosis in Dahl salt-sensitive rats fed an 8% NaCl diet (5) . While it is possible that a reduction in the fibrotic response of Tgfb2 ϩ/Ϫ mice to the high-salt diet contributed to the protection against the exacerbated blood pressure response in WT mice, this appears unlikely, given the failure to detect any fibrosis in these mice.
Conclusion. Augmented nephron endowment in Tgfb2
ϩ/Ϫ mice does not impact baseline arterial pressure or renal function. The finding that Tgfb2 ϩ/Ϫ mice were protected from the hypertensive effects of a chronic high-salt diet is consistent with the hypothesis that nephron endowment can modulate the risk of developing cardiovascular and/or renal disease.
